days. Retinal exudates and peripheral striae were present on the second day. The exudates rapidly enlarged and became confluent; by the ninth day the entire periphery of the retina had atrophied. The lens striae developed during 20 days; on the 24th true lens opacities were present; complete cataract of both eyes subsequently developed about one month after the last (iose of naphthalene.
CALCIUM IN NAPHTHALENE CATARACT lenses to be markedly increased; and these authors were led to conclude that, "the differences between the behaviour of calcium and that of the other inorganic ions during the development of cataract points to some special connection of the former with the production of opacity."
Secondly, the high incidence of cataract in diseases which involve a disturbance of calcium metabolism has long been known. For example, cataract may be associated with tetany (GraefeSaemisch Handbook II, 1911) , a condition which is now generally thought to be induced by a fall in blood calcium, and the accompanying cataract has been attributed to the same cause. Donald Hunter in a Goulstonian Lecture (1930) drew attention to the frequency with which cataract has been described in endemic tetany, post-operative tetany, rickets, and spontaneous hypoparathyroidism. He and his associates were able, by means of the slit-lamp, to demonstrate opacities in one case of tetany with steatorrhea, one case of renal rickets, and one case of osteitis fibrosa of the focal type. All of these conditions are characterized by a faulty calcium metabolism.
There is abundant evidence to show that hypocalcaemia and cataract are both part of the syndrome of parathyroid deficiency. Cole (1930) reviews the relation of cataract to parathyroid tetany and describes one new case; 38 other cases, previously recorded are discussed. O'Brien (1932) reviews 42 published cases of cataract in post-operative tetany, and describes three new cases from his own experience. Cataract has been produced experimentally in dogs and in rats (Luckhardt and Blumenstock, 1923; Erdheim, 1906) by the removal of the parathyroid gland; and it has been independently demonstrated by many observers (Peters and van Slyke, 1931, page 816) that in the absence of the parathyroid hormone the blood calcium in all animals is considerably lowered.
Although such observations as these make plausible the suggestion that calcium is somehow involved in the production of cataract, it should be remembered that at the present time there is no experimental evidence whatever to justify the conclusion that a low blood-calcium or even a disturbance of calcium metabolism is the cause of cataract. It is quite possible to explain the increased calcium content of cataractous lenses as being due to the calcification of a tissue damaged by some other agency; and this is, in fact, the present hypothesis (Mackay et al., 1932) in relation to senile cataract. The occurrence of low blood-calcium and cataract in hypoparathyroidism may be a matter of pure coincidence.
It occurred to us that some light might be shed on this problem through the medium of the experimental naphthalene cataract.
As is well known, cataract may be produced in rabbits by the administration of naphthalene; and it seemed likely that a study of the changes in blood-calcium and in the urinary excretion of calcium during naphthalene dosing might yield some information concerning the possible relationship between calcium and cataract.
One of us (Adams, 1930) had previously observed that there is a slight fall in the blood-calcium of rabbits after a single dose of naphthalene; it seemed possible, on the basis of this observation, that the cataract produced by repeated doses of naphthalene might actually be due to the initial fall in blood-calcium. Naphthalene was administered to rabbits over long periods, and the calcium of blood and urine was determined in order to find out whether any significant variations from the normal were produced, and in what way any changes which might occur were related to the development of cataract.
Experimental
In planning our experiments it was necessary to consider two important factors: (1) The blood-calcium in normal rabbits is known to depend upon the diet (Bourne and Campbell, 1932) ; (2) it is possible to produce cataract by naphthalene only under certain dietary conditions (page 210).
With these conditions in mind, two diets were selected: (a) a diet of oats and cabbage, since cabbage is known to cause increased calcium absorption and to protect the lens from damage by naphthalene; (b) a diet of bran and carrots, which provides a low level of calcium absorption, and on which cataract is readily produced by naphthalene.
Experiments were arranged as follows: I. Control determinations of serum and urine calcium in normal rabbits; (a) On oats and cabbage (high calcium) diet.
(b) On bran and carrots (low calcium) diet. II. Determination of serum and urine calcium in rabbits during daily dosing with naphthalene; (a) On oats and cabbage diet, where the blood-calcium was high and where crystals were laid down on the retina, but where no cataract could be produced.
(b) On bran and carrots diet, where the blood-calcium was lower, and cataract was produced within about 30 days.
(c) Determination of serum calcium only on bran and carrots, with large doses of naphthalene, where the animal suffered severe toxaemia and died from the effects of the dose.
Methods
Blood samples:-These were obtained from the marginal ear vcin; between eight and ten c. c. were withdrawn at each bleeding. An interval of from five to seven days was allowed for recovery between each bleeding, and haernoglobin estimations were made at frequent intervals as a check upon the effect of haemorrhage. The blood samples were always taken after feeding and before the administration of the daily dose of naphthalene.
Serum calcium: -The Clark and Collip (1925) modification of the Kramer and Tisdall method was used. The blood was allowed to clot overnight, and after the addition of the oxalate the tubes were again allowed to stand overnight to ensure complete precipitation.
Urinary calcium :-This was determined by the method of McCrudden (1911) on 24 hour samples of the urine, which had been collected free from faeces in a metabolism cage. If the urine was alkaline it was made slightly acid to litmus with HC1 and filtered. The calcium was precipitated from 10 c. c. of the filtered urine, redissolved in sulphuric acid and determined by permanganate titration.
Naphthalene administration: -Pure crystalline naphthalene was dissolved in about 15 c.c. of warmed liquid paraffin and administered by means of a tube introduced into the stomach.
Eye lesions:-These were. examined daily by means of an ophthalmoscope.
Results I. The effect of diet on the serum and urine calcium of the normal rabbit:-In man the blood-calcium is remarkably constant; even by the feeding of calcium-rich foods or by the administration of calcium salts it is difficult to alter it, and it remains steadily fixed between 9 and 11 mg. per 100 c. c. serum under normal conditions and also in a wide range of pathological conditions. The rabbit, on the contrary, seems to be peculiarly susceptible to variations in blood-calcium. Even in the normal animal the blood-calcium level and the amount of calcium excreted in the urine vary considerably from day to day, and are markedly influenced by the character of the diet upon which the animal is feeding. We have previously found (Bourne and Campbell, 1932 ) that in rabbits feeding exclusively on cabbage the blood-calcium .is high (14 to 19 mg. per 100 c. c. serum) and a large amount of calcium is excreted in the urine. If, however, the diet is changed to oats and water, the blood-calcium falls to a lower level (11 to 15-8 mg. per 100 c. c. serum) and the calcium either disappears altogether from the urine or is present in only very small amounts.
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In view of the known effect of diet it was necessary to determine the normal levels of blood-and urine-calcium on the diets which we proposed to use before proceeding to test the effect of naphthalene. Therefore, as controls to this investigation, two healthy rabbits were selected and each placed in a metabolism cage of suitable size. One, number 47, was given a diet of oats and cabbage; and the other, number 36, was given bran moistened with' water, and carrots. In each case the food'was liberally supplied and the animals were allowed to feed at will. They were bled at intervals of from four to seven days; and calcium was determ'ined in the serum.
The results are given in Tables I and II. As will be seen from Table I , on a diet of oats and cabbage the serum calcium varied between 14'1 and 1517 mg. per 100 c. c., while the urine calcium was high but variable, between' 114 and 498 mg. being excreted in 24 hours. On the bran and carrots diet (Table Il) , the blood-calcium was eqiually variable but the level was much lower, between 8&6 and 10(7 nig. per 100 c.c. serum. At the same time the amount of calcium excreted in the urine was remarkably small, only between 4 and 28 mg. being excreted in 24 hours. The high blood-calcium and the large urinary excretion of calcium which results from the ingestion of the oats and cabbage suggests that on this diet there is an increased absorption of calcium; while the lower blood-calcium and the smaller urinary excretion which accompanies the bran and carrots diet point to a much lower level of calcium absorption.
IL. Effect of naphthalene on blood-and urine-calcium :-A large number of experiments on different animals were performed in which blood-and urine-calcium were determined after naphthalene. For the sake of brevity, details of only two typical experiments, one in which the diet consisted of oats and cabbage, and the other in which the diet was bran and carrots, are given here. In these we continued the dosing for a long time; and were thus able to test all the possible effects of naphthalene on calcium.
Two healthy rabbits of the same age and weight were placed in separate metabolism cages. One, number 40, was given diet of The results are given in Tables III and IV . On the oats and cabbage diet the serum calcium was found to vary between 14'1 These figures, in the case of both diets, so closely approximate the normal fox each diet that no effect either on the blood-calcium or on the urinary excretion of calcium can be attributed to the naphthalene. Figs. I and II illustrate this point remarkably clearly.
Even in those cases where the toxic effects of naphthalene were much more severe, i.e., where the eye lesions developed rapidly and the animal died within a short time, the blood-calcium remained within normal limits. Results of three experiments of this kind are given in Table V . In each of these experiments the animal was given a daily dose of three grams of naphthalene; the diet III. Relation of blood-calcium to ocular lesions after naphthalene :-The striking effect of diet on the nature of the ocular lesions produced by naphthalene has already been described (page 210); and from Tables III and IV it will be seen that this influence of diet on the ocular lesions occurring after naphthalene, bears an interesting relation to the blood-calcium.
In rabbits on a diet of oats and cabbage we were unable to produce cataract by naphthalene; crystals were laid down on the retina, but the lens seemed to be protected from damage. Table III shows that this protective effect goes hand in hand with a high blood-calcium and a high level of calcium excretion. On the other hand cataract and the signs of general toxaemia are produced in rabbits feeding upon bran and carrots, in association with a low blood-calcium and a low level of urinary calcium excretion. As will be seen from Table IV (Adams, 1930) . Where the level of calcium absorption is high, the blood and all the body fluids must be saturated with calcium; under these conditions one might expect to find such a deposition of a calcium salt in a damaged tissue.
Discussion
Qur experiments show clearly that naphthalene does not cause any fundamental disturbance of the calcium metabolism in rabbits. The slight fall in blood-calcium previously observed by Adams (1930) in the first 24 hours after a single dose of naphthalene is probably explained by the effects of this substance on the gastrointestinal tract. The cessation of food intake which results from a loss of appetite, together with the more profound irritative effects of naphthalene on the gastric mucosa, in all probability interfere with peristaltic movements and diminish the absorption of calcium. In none of Adams' experiments nor in a larger series of our own in which the experiments of Adams were repeated, did a fall below the lower normal limits occur. Thus the cataract which naphthalene produces cannot be attributed to an upsetting of the normal calcium metabolism; nor can it, like the cataract of tetania parathyropraevia, be associated with an abnormal lowering of the blood-calcium.
However, the suggestion of another possible role for calcium emerges from our work. We find that naphthalene is unable to produce cataract when the blood-calcium is maintained at a high level as the result of the ingestion of a calcium rich food such as cabbage, while on the calcium poor diet, such as bran and carrots, naphthalene may produce the most extensive eye lesions including complete cataract. There is no evidence that the presence RETROBULBAR INJECTIONS of calcium oxalate, was found to be associated with the maintainence of a fiigh blood-calcium. This explains why suclh crystals are seen only when the naphthalene is administered in connection with oats and cabbage diet.
IV. The relation of these results to the general problem of the r6le of calcium in cataract formation is discussed.
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